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Course Structure

• Two, two-hour sessions on April 15 and April 17, 2019

• The same content will be presented at two different times each day: 

– Session A: 10:00-12:00 EST (UTC-4)

– Session B: 18:00-20:00 EST (UTC-4)

– Please only sign up for and attend one session per day

• Webinar recordings, PowerPoint presentations, and the homework assignment can 
be found after each session at: 

– https://arset.gsfc.nasa.gov/land/webinars/time-series-19

• Q&A: Following each lecture and/or by email 

• cynthia.l.schmidt@nasa.gov, or 

• amberjean.mccullum@nasa.gov

https://arset.gsfc.nasa.gov/land/webinars/time-series-19
mailto:cynthia.l.schmidt@nasa.gov
mailto:amberjean.mccullum@nasa.gov
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Homework and Certificates

• Homework

– One homework assignment

– Answers must be submitted via 
Google Forms

• Certificate of Completion: 

– Attend both live webinars

– Complete the homework assignment 
by the deadline (access from ARSET 
website)

• HW Deadline: Wednesday May 1st

– You will receive certificates 
approximately two months after the 
completion of the course from: 
marines.martins@ssaihq.com
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NASA’s Applied Remote Sensing Training Program (ARSET) 

presents a certificate of completion to 

Amber McCullum 

for completing: 

 

Advanced Webinar: Change Detection for Land Cover Mapping 

September 28 – October 5, 2018 

 

Trainers: Cindy Schmidt, Amber McCullum 

National Aeronautics and Space Administration 

mailto:marines.martins@ssaihq.com
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Prerequisites

• ARSET Webinar Introduction to Remote Sensing 
or equivalent knowledge

• Complete the Advanced Webinar: Change 
Detection for Land Cover Mapping

• Install Google 
Chrome: https://www.google.com/chrome/

– For the Google Earth Engine exercise, Chrome 
should be used to make sure all features work

• Sign up for the Google Earth Engine Code 
Editor: https://signup.earthengine.google.com/

https://arset.gsfc.nasa.gov/land/webinars/adv-change18
https://www.google.com/chrome/
https://signup.earthengine.google.com/
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Accessing Course Materials

https://arset.gsfc.nasa.gov/land/webinars/time-series-19

https://arset.gsfc.nasa.gov/land/webinars/time-series-19
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Course Outline

Session 1: 

Intro to Time 

Series and 

AppEEARS 

Session 2: 

LandTrendr 

Overview 

and 

Applications
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Session 2 Agenda

• Forest Disturbance Algorithms 
Overview 

• LandTrendr Overview

• LandTrendr in GEE

• Other Vegetation 
Disturbance Algorithms 

– Review paper: Cohen et al., 
2017

• LandTrendr Exercise 

LandTrendr Change Mapper: Magnitude of Disturbance

https://www.fs.usda.gov/treesearch/pubs/54976
https://emaprlab.users.earthengine.app/view/lt-gee-change-mapper


Forest Disturbance Algorithms Overview
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Time Series of Forest Disturbance

Used for: 

• Mapping disturbance patterns

• Establishment of historic relationships between human and natural disturbance 
drivers

– Urban development vs. insects

• Evolution of post-disturbance recovery

Two Primary Approaches:

• Deviations (short events)

• Trends (long-term events)
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Forest Disturbance Algorithms 

• Multiple algorithms used for Landsat, depending on factors of interest

• Additional algorithm differences include: 

– Use of different bands or indices (e.g., NBR, NDVI, relative change vectors, etc.)

– Vegetation type (e.g., forests only, all woody vegetation, all land cover types)

– Disturbance magnitude (e.g., high magnitude events vs. broad range of 
magnitude)

• Focus in this training: Landsat-Based Detection of Trends in Disturbance and 
Recovery (LandTrendr)



LandTrendr Overview 
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Landsat-Based Detection of Trends in Disturbance and 
Recovery (LandTrendr)

• Recognizes that change is not generally a contrast between two dates, but a 
continual process operating on multiple timescales

– Short duration (e.g. wildfires) and long-term trends 

• Extracts spectral trajectories of land surface change from yearly Landsat time-
series stacks (LTS)

• 3 Components: 

– Track yearly changes (not intra-yearly)

– Pixel-based 

– Allow for single events and spectral smoothing (arbitrary temporal segmentation) 

Kennedy, et al., 2010

https://andrewsforest.oregonstate.edu/sites/default/files/lter/pubs/pdf/pub4696.pdf
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Yearly Mosaics 

• Multiple images per year used to 
eliminate data gaps, clouds, snow, 
smoke, and shadows 

• Geometric and radiometric correction 
applied

• Pixel-based on-the-fly mosaic 
generated

• Landsat image stack for each year 
analysis created

Landsat stack will contain one mosaicked image 

per year

Image Credit: LandTrendr website

http://emapr.ceoas.oregonstate.edu/pages/tools/landtrendr/landtrendr.html
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Pixel-Based

• The spectral signature of 
each pixel is used

• Tasseled Cap 
Transformation 

• In a yearly mosaic, pixel 
is chosen from the 
image closest to the 
median Julian day of 
the images in the whole 
stack

– Iteratively the next 
closest day if the pixel 
contains a cloud

Image Credits: (Left) GIS Ag Maps; (Right) Humbolt State GSP 216

Example of pixels in a field Example of vegetation spectral 

signature

http://www.gisagmaps.com/field-data-bundle/
http://gsp.humboldt.edu/OLM/Courses/GSP_216_Online/lesson2-1/vegetation.html
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Trajectory Segmentation 

• Captures abrupt and slow changes  

• Models each pixel’s spectral signature 
each year as a sequence of straight line 
segments

– Captures trends

– Eliminates noise while retaining detail

• Steps:

– Create complex fitted model

– Iteratively simplify the model

– Choose the best model based on 
statistics

– Remove change that is considered noise

Image data is reduced to a single band or 

spectral index and then divided into a series of 

straight line segments by breakpoint (vertex) 

identification

Image Credit: LandTrendr GEE website

https://emapr.github.io/LT-GEE/landtrendr.html
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Analyze the Results

1. Insects

2. Clear-cutting

3. Insects

4. Insects followed by fire

5. Stability followed by fire

6. Recovery from fire

Image Credit: Kennedy, et al., 2010

https://andrewsforest.oregonstate.edu/sites/default/files/lter/pubs/pdf/pub4696.pdf
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Analyze the Results: Example 2

• Conifer-dominated industrial forest in 
Pacific Northwest

Analysis:

• 1984 - 2000: Little change 

• 2000 - 2001: Service road built

• 2002 - 2010: Harvest (clear-cut)

• 2016: Regrowth
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LandTrendr in Google Earth Engine

• The algorithm was initially implemented in Interactive Data Language (IDL)

• Now in GEE

– Script-based processing (JavaScript)

– User Interface (UI)

• Corrections and Cloud mask applied within GEE

• Can use different types of vegetation indices

– Vegetation loss is represented by positive data (e.g. Normalized Burn Index (NBR) 
multiplied by -1) 

Image Credit: LandTrendr for GEE website

https://emapr.github.io/LT-GEE/index.html
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LandTrendr’s User Interface in GEE

Three Applications

• Pixel Time Series Plotter

– Creates figures of the index values over time for a specific pixel 

• Change Mapper

– Maps disturbance with multiple layers

• Fitted Index Delta RGB Mapper

– Displays an Red, Green, Blue (RGB) map of spectral or index values at three time 
periods
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Pixel Time Series Plotter
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Change Mapper
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Fitted Index Delta RGB Mapper
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Fitted Index Delta RGB Mapper
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Fitted Index Delta RGB Mapper



Other Vegetation Disturbance Algorithms



NASA’s Applied Remote Sensing Training Program 26

Vegetation Change Tracker (VCT)

• Similar to LandTrendr, but uses different 
mechanisms 

• Used for forests only

• Best for short-term high-magnitude 
events

• 2 step-approach

– Create mask and calculate spectral 
indices for each image in the stack

• This measures forest likelihood

– Time series analysis of Forest Score 
and Normalized Burn Ratio (NBR) 

Image Credit: Huang et al., 2010

Examples of VCT use-cases such as wildfire (left) 

and clear cutting (right)

https://pdfs.semanticscholar.org/ca50/71f6cbdeb4fb915759995b60cb449d201eaf.pdf
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Exponentially Weighted Moving Average Change Detection 
(EWMACD)

• Uses residuals from time series 
regression to detect subtle changes in 
vegetation across multiple years

• Best for discrete events

• Broad range of disturbance 
magnitudes (low to high)

• Used for forests only

• Best for short-term high-magnitude 
events

Results from the EWMACD showing a spectrum of 
change from growth to removal. The line across the 
image is a tornado path near Tuscaloosa ALImage Credit: Brooks et al., 2014

https://ieeexplore.ieee.org/stamp/stamp.jsp?arnumber=6573358
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Vegetation Regeneration and Disturbance Estimates 
Through Time (VeRDET)

• Uses neural network classifications to 
explore the spectral information of 
each pixel

• Different from LandTrendr in that is 
constructs segments of pixels and 
assigns a common value prior to 
detecting change

• Discrete events and gradual change 
(variable length disturbance)

• Broad range of disturbance 
magnitudes (low and high)

• Only forests
Example of results from VeRDET where darker 

areas have higher change than lighter areas. 

Disturbed regions are red, Regenerating regions 

are blue, and Grey regions have bothImage Credit: Hughes, 2014

https://trace.tennessee.edu/cgi/viewcontent.cgi?referer=https://www.google.com/&httpsredir=1&article=4198&context=utk_graddiss
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Image Trends from Regression Analysis (ITRA)

• Uses slope of annual series over 
multiple years for each pixel 

– Simple design

– Highlights gradual trends 

– Broad range of disturbance 
magnitudes

– Used for all vegetation (not just 
forests) 

– NDVI most commonly used

All woody 

vegetation

Image Credit: Vogelmann et al., 2012

NDVI trends 

highlighting 

increased forested 

area from 1988 to 

2010 using the ITRA 

approach

https://pdf.sciencedirectassets.com/271745/1-s2.0-S0034425712X00087/1-s2.0-S0034425712000429/main.pdf?x-amz-security-token=FQoGZXIvYXdzEEAaDJiZ%2BqSH6H/7xWOB7yK3Ax/Jb8ecdeh7VYYOpkOUzQVZbVbPsP9CYXf4iRHIHlsYaMnPgRy8uKET5JVFHBqCjl0DhIrj9BcMEEWv4AjEBfMh0F4Kxne3KqG/mB6ixMjValFHbqx3VrXSuo3DfsXA1STmz8YJzOwb4LWi10spPTKBtStzUgR0ny0a00Rb%2BhKUYFqe6WfsbFrMwzYMD9NeaLrMGGusxRbvETumQv1N99oy1edFpza4qCpPFbI8s%2B4OTODeWLY7P58NTMSL2%2Bj9WWwDdBuxmRaOVbCnNdC4VgB3mKUk80GXRXfc37dz8uo6V/mLDTDbVppeVAYDAvlAM8HOkSMGQ73TcZuCpuYdNKbSkN%2B1i4dhFv5rKQQ6gEVWDmFePRy2XlAOpvXxwG73Rr%2B5S6ne6j1TRdBn4IzdXWp2EtW4Ojr%2BTdaFlrWrayy0T4ZBl6N/jeV8jBJPmnkNnvTew9k4XbSeYeesWhsAna8TItO8RkMRVKORpTLinyaz8dnPVcTYyEIx82g3bpIjbA6tJVSaknu5WykFW9Gvtx/Pioq3gCx51KoDe4%2Bio57X1zjrYO7b%2BpBJMq%2BjxOajTPDxby0/LZUo6sjj5AU%3D&AWSAccessKeyId=ASIAQ3PHCVTYX4LJJQIF&Expires=1553527313&Signature=MRdHMuQSACkFsYEkzKLFhJD3Wsg%3D&hash=1a1076198105202f99f23a9580f3c3a519e2fa4c41ac3fd57225507be76e27bd&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0034425712000429&tid=spdf-e2c7da5f-2a28-42e9-b0a5-4332c5f0d3e7&sid=7ce9beb11326114bdb5ab557706c7432bb51gxrqa&type=client
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Multi-index Integrated Change Analysis
(MIICA)

• Algorithm used in the development of 
the U.S. National Land Cover 
Database (NLCD)

• Uses four spectral indices 

• Best for discrete events

• Limited range of disturbance 
magnitudes 

• All land cover types

• Best for high-magnitude events

Image Credit: Jin et al., 2013

Examples from the National Land Cover Database 

2006 map

https://www.sciencedirect.com/science/article/pii/S0034425713000242
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Continuous Change Detection and Classification (CCDC)

• Uses seasonality, trend, and break 
estimates to detect change

• Two-step approach (similar to many 
others)

– Cloud/snow mask 

– Time series analysis of surface 
reflectance and brightness 
temperature

• Best for discrete events

• Limited range of disturbance 
magnitudes 

• All land cover types

• Best for high-magnitude events

Image Credit: Zhu and Woodcock, 2014

Example of results from CCDC from July 2011 from 

a forested region in Massachusetts. The image 

displays the surface reflectance as false color 

(left), the change map (center), and the 

classification map (right)

https://www.sciencedirect.com/science/article/pii/S0034425714000248
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Summary 

• Time series analysis of Landsat images can be used for mapping 

disturbance patterns across a landscape

– Can establish relationships between human activities and drivers of 

natural disturbances.

• LandTrendr is used to identify patterns of change in forests at that differ in length 
and magnitude

– LandTrendr in GEE is quick and effective

• There are many algorithms for mapping disturbance and user should choose 
based on interest in vegetation type, length of disturbance, and magnitude of 
disturbance



LandTrendr Exercise
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Contacts 

• ARSET Land Management & Wildfire Contacts

– Cynthia Schmidt: Cynthia.L.Schmidt@nasa.gov

– Amber McCullum: AmberJean.Mccullum@nasa.gov

• General ARSET Inquiries

– Ana Prados: aprados@umbc.edu

• ARSET Website:

– http://arset.gsfc.nasa.gov

mailto:Cynthia.L.Schmidt@nasa.gov
mailto:AmberJean.Mccullum@nasa.gov
mailto:aprados@umbc.edu
http://arset.gsfc.nasa.gov/
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Complete your homework by May 1, 2019

04/17/2019

Thank You


